Abstract. With the diffusion of digital information technology, data mining (DM) is widely expected to increase the productivity of all kinds of research activities. Based on bibliometric data, we demonstrate that the share of DM-related research articles in all published academic papers has increased substantially over the last two decades. We develop an ordinal categorization of countries according to essential aspects of the copyright system affecting the costs and benefits of DM research. We demonstrate that countries in which data mining for academic research requires the express consent of rights holders, data mining makes up a significantly smaller share of total research output. To our knowledge, this is the first time that an empirical study identified a significant negative association between copyright protection and innovation. We also show that within countries where DM requires express consent by rights holders, there is an inverse relationship between rule of law indicators and the share of DM related articles in all research articles.
Introduction

1.
This paper discusses the effect of different copyright arrangements on data mining (DM) by academic researchers. 2 Hand et al. [1] broadly define DM as "the discovery of interesting, unexpected or valuable structures in large datasets." Digital information and communication technology (ICT) reduces the costs of collecting, accessing, combining and jointly analysing large amounts of data. DM is widely expected to increase the productivity of many types of research activities and to produce many valuable new insights. As we will show, conceptual, methodological and applied empirical DM research has accounted for an increasing share of total academic research output over the last two decades.
In particular, this paper is concerned with copyright arrangements that affect academic researchers' costs and benefits when accessing and jointly analysing data from databases or publications produced by others. The familiar expression "standing on the shoulders of giants" alludes to the cumulative nature of much academic research.
The principle applies in cases where researchers acquire and analyse data collected and made available by others, say other researchers and publishers, private firms or public institutions.
Where unrestricted IP rights like copyright vest in 'input works' -databases or their content -data mining activities often require the express consent of rights owners to avoid the risk of litigation or other punitive measures. Subject to the transaction costs of clearing rights and any price charged by rights holders, effective copyright protection can thus increase the full economic costs of data mining. On the other hand, copyright could also encourage the supply of valuable input works and thus foster the benefits of data mining. We present empirical evidence regarding the net effect on the output of data mining-related academic research.
The evidence presented in this paper relates to a current policy debate in particular in the European Union (EU). Under current EU legislation (Directive 2001/29/EC on copyright in the information society and Directive 1996/9/EC on the protection of databases), DM requires prior authorization of rights holders even if the potential user has lawful access to the research articles and databases in question. The European Commission is currently considering copyright reforms to allow for data mining without express consent of the rights owner, so that the right to read would be the right to mine (cf. [2] ). The USA have generally followed a more permissive attitude towards DM. Other countries like the United Kingdom and Japan have introduced more permissive legislation over recent years. Uncertainty complicates the matter, as neither the law nor the rights holders follow a clear line with respect to data mining. Another important variation is probably the extent to which rights holders or public authorities enforce copyright legislation in practice, and countries differ widely in this respect as well.
This paper exploits the variations in relevant copyright policy to develop evidence on the effect of different copyright regimes relevant for DM. We analyse bibliometric data to establish whether copyright policy and its enforcement affect the application of DM in academic research. We demonstrate that countries in which data mining for academic research requires the express consent of rights holders, data mining makes up a significantly smaller share of total research output.
The Empirical Literature 2.
The empirical literature regarding copyright, academic research and DM in particular is limited to descriptive analyses. Regarding the supply of academic work, the paper by Tsai [3] contains recent bibliometric data on DM. Tsai uses information from the Social Science Citation Index, a section of a database called Thomson Reuter's Web of Science (WoS). He finds 1,181 academic publications between 1998 and 2009 with the topic "data mining". The vast majority of these articles, over 97%, were in English. Relevant articles are spread over a great number of academic fields.
The data presented by Tsai [3] illustrates rapid, approximately exponential growth in the number of DM-related publications and their citation counts between 1992 and 2009. For all the difficulties in predicting technological change, this makes rapid further growth likely. [3] also contains data on the share of various countries in DM related, academic publications. The U.S.A. accounts for almost 47% of all publications featuring DM in subject headers. Over 11% of the DM publications came from the U.K. and the other five largest EU economies accounted for just below 10% (Germany, France, Italy, Spain, and the Netherlands). 3 Tsai [3] does not control for the size of countries and their domestic research output nor does he relate these findings to copyright policy. Filippov [4] contains an update of Tsai, confirming continued growth in the number of articles with "data mining" in the title up to 2013.
Empirical Strategy in this Paper
3.
This paper makes greater use of the rich data available on academic research output than the preceding literature. Main factors driving the output of academic publications of any type should be (1) the means available for academic research, in particular labour and capital, and (2) the productivity of researchers, as measured by the number and quality of research output relatively to the resources used. To control for the size and productivity of academic research, we use the ratio between DM-related research output and total research output per country as the dependent variable.
The main independent variables of interest derive from a categorization of countries according to relevant copyright law and practice in each jurisdiction. Copyright protection has ambiguous effects according to economic theory. On the one hand, it should increase the number and quality of potential input works for DM applications made available. On the other hand, holding other things equal, stronger copyright protection increases the price of such works and the transaction costs compared to a situation where input works that researchers can acquire are available without an explicit contract with any rights holders.
There is often a gap between the provisions of IP law and social practice, since IP is hard to enforce. In our analysis, we thus consider relevant indicators of the rule of law within countries. The share of DM-related research output should also be affected by a number of further factors, for instance: (1) the supply of potential input works relevant to domestic academic researchers independent of copyright policy; (2) intercountry differences in academic cultures and incentive schemes that would affect the propensity to publish DM-related articles relative to other research output; (3) differences in the age structure of academic researchers that could affect adoption of DM, assuming that younger researchers may be more likely to adopt novel data collection and analysis methods; (4) targeted funding for DM; (5) learning curves as researchers improve their DM related skills with practice. However, no valid measures on these factors are available from a sufficient number of countries. We estimate a multilevel model to account for unobserved, constant country differences.
Data
4.
Dependent Variable: Data Mining Research Output
One important measure of research output is the number of academic journal articles published. We collected data from Thomson Reuter's Web of Science (WoS). This is a relatively comprehensive database of academic publications, which features items from thousands of journals with a strong international reputation. We used the entire WoS l as related earches on o collected untries and Topic' was t is for all from a low base, there has been quite a rapid expansion of the DM share in total research output. See Figure 1 for an illustration.
In our empirical analysis, for each country and year we used the ratio of the number of DM-related research and total number of articles as the dependent variable. This variable is referred to as 'DM share' below.
Main Independent Variable: Copyright
Despite international and regional harmonization efforts, copyright protection is determined at the national level [5] . Different elements of the copyright regime may have an impact on the lawfulness of DM activities. The two features of the copyright system that bear the most on DM are the scope of rights granted on compilations of articles and other data, and the exceptions on these rights recognized in the various jurisdictions. Worldwide copyright laws can roughly be divided in two main traditions: first, the author's rights tradition, existing in countries of Continental Europe and countries that were inspired at some point in their history by the laws of one of these countries; second, the copyright tradition, reflected in the legislation following the Anglo-American legal system. Because the theoretical foundations of both regimes diverge, they are considered to follow a different approach with respect to the scope of rights and exceptions. In some countries, exceptions to copyright expressly allow DM activities to take place for research purposes without the authorization of the rights holder, while in others such activities are only lawful with a specific permission of the rights holder.
The laws of the countries examined in this paper are classified according to the possibility for academic researchers to engage in DM activities for research purposes without the need to obtain prior permission from the rights holder. Our assessment of the state of the copyright rules in each jurisdiction is based on a reading of the current legislative provisions, as well as the scholarly commentaries and the judicial interpretation, when available. In the following, we classify a number of other countries according to whether DM by academic researchers, who have lawful access to data, is either definitely 'not allowed', 'probably not allowed', 'probably allowed', or definitely 'allowed'.
Among the countries examined, sixteen belong to the European Union (EU) or the European Economic Area (EEA). Directive 2001/29/EC confers rights owners with the exclusive right to reproduce, communicate to the public and distribute their works. Directive 1996/9/EC grants protection with respect to non-original databases if they show a substantial investment in the obtaining, verification or presentation of the data. The rights granted under Directive 2001/29/EC and Directive 1996/9/EC have traditionally received a broad interpretation from the European Court of Justice (ECJ) [6, 7] . Directive 2001/29/EC contains a list of exceptions on these exclusive rights, the most relevant of which in the context of data mining allows Member States to provide for exceptions in the case of 'use for the sole purpose of illustration for teaching or scientific research. This exception is optional; Member States may decide whether to implement it or not [8] . As a result the research exception is generally vague and unevenly implemented at national level [7] . The same holds for the database right, where Member States are free to adopt an exception allowing the substantial extraction of the content of a database for research purposes, but not the re-utilization. Most EU and EEA Member states are thus 6 classified as academic DM 'not allowed' without express consent. The UK differs from the rest of the EU/EEA, as the legislator adopted a specific copyright exception in the course of 2013, allowing DM activities for noncommercial research purposes to take place without the need to obtain prior authorization from the rights holders. Since 2014, the UK is thus classified as 'allowed'. Before, the situation in the UK was similar to that of the rest of Europe ('not allowed').
Switzerland, not being an EU/EEA country, is not bound by the European legal framework. The Swiss Copyright Act grants authors of original works a number of exclusive rights including that of reproduction, retransmission and making available. Among the several exceptions listed in the act, none would seem to cover acts of mining for purposes of research, beyond the right to make a copy for private use. Switzerland does not protect databases separately. Nevertheless, DM activities are most likely 'not allowed'. The same holds for Russia and Turkey. In these countries, DM activities are most likely 'not allowed'.
The laws of most countries with a colonial past have been influenced by those of the colonial power, most often a European country. The copyright laws of Latin American countries 4 find their root in the legislation of Continental Europe, where the rights and exceptions recognised show similar features to their European counterparts. As a result, acts of DM are most likely 'not allowed' in these countries.
While the modern Japanese Copyright Act was strongly influenced by the German Copyright Act of 1965, the recent development of the Japanese Act pursued its own course, under a greater influence from the USA. Up to 2009, DM activities were 'probably not allowed' in Japan. In that year, Japan is reported to have been the first country in the world to adopt a specific copyright exception allowing the 'analysis of in copyright works using computers in order to extract statistics and information', and come up with new ideas [9] . At the current state of our information, Japan is classified as 'allowed' since 2010. 5 In the countries adhering to the Anglo-American copyright system, there are two different approaches with respect to exceptions on copyright: some countries recognize a 'fair dealing' exception, while others recognize a 'fair use' defense. The countries of the British Commonwealth 6 commonly recognize 'fair dealing' exceptions for different purposes, including for criticism and comment, private use and research. To fall under the fair dealing exception, the purpose of the dealing must qualify as one of the allowable purposes under the copyright act, and the dealing must be fair. The fair dealing exception generally receives a restrictive interpretation, which lets us conclude that DM activities are 'probably not allowed' in most 'fair dealing' countries. Compared to other 'fair dealing' countries, Canada has followed in recent years a more flexible approach: not only has the Supreme Court ruled twice in favour of fair dealing for research purposes, but the Copyright Act was amended in 2012, to expand the allowable fair dealing purposes. Since 2012, DM activities in Canada are 'probably allowed'. The same development can be observed for Singapore where acts of DM are today 'probably allowed'.
The 'fair dealing' exception differs from the 'fair use' defense primarily in the fact that the latter is characterized by an open-ended list of purposes for which the use of a work may be regarded as fair, marked by the words 'such as'. The fair use defense was first developed at the beginning of the 20th Century in the USA as a judicial doctrine before being codified in § 107 of the Copyright Act 1976. The assessment of whether a particular use is fair is done by the judge according to four factors: the purpose and character of your use; the nature of the copyrighted work; the amount and substantiality of the portion taken, and the effect of the use upon the potential market. The USA is classified as 'probably allowed'. 7 For a long time, the fair use doctrine was a unique feature of the American copyright regime. The copyright acts of countries, like Israel and the Republic of Korea, contained a list of specific exceptions, which were too narrow to cover acts of DM. However, following the conclusion of a bilateral trade agreement with the U.S.A., both Israel (2008) and the Republic of Korea (2012) introduced a fair use defense in their copyright legislation in addition to a list of specific exceptions. Since the legislative amendment introducing the fair use defense, acts of DM possibly shifted from 'probably not allowed' to 'probably allowed'.
The People's Republic of China only adopted Berne Convention compliant copyright norms in 2007, upon its accession to the TRIPS Agreement. Before that time, copyright protection on the Chinese territory was below the Berne standard, meaning that before 2007 the existence and enforcement of copyright rules was not a priority. The Chinese Copyright Act of 2007 lists the permissible exceptions, including for use of a published work for the purposes of the user's own private study, research or selfentertainment. Literal interpretation of this provision would not permit acts of data mining. However, Geller and Nimmer [10] report that the Supreme People's Court of China issued a policy document at the end of 2011, according to which in circumstances necessary to stimulate technical innovation and commercial development, an act that would neither conflict with the normal use of the work nor unreasonably prejudice the legitimate interest of the author could be deemed "fair use". This policy document was followed in a 2014 case. Since that time, acts of DM are 'probably allowed' in China while they were 'probably not allowed' between 2007 and 2012.
Taiwan Copyright Law has a long history, having first been enacted in 1928. Taiwan's modern Copyright Act was adopted in 1992 and contained a list of exceptions, none of which was broad enough to encompass DM activities. In recent years, Taiwan copyright law has been marked by American influence. In 2003 the list of exceptions was complemented by a fair use provision, which must be applied in conjunction with the specific exceptions. Since that time, acts of DM are 'probably allowed' in Taiwan, provided that they meet the four factors used to evaluate fair use in any of its many enumerated circumstances. By contrast, the law of Thailand contains a more restrictive provision according to which DM is 'probably not allowed'.
Although most Muslim countries included in the sample are members of the Berne Convention, finding specific information on the scope of the exceptions in the laws of Iran, Indonesia, Saudi Arabia and the United Arab Emirates proves difficult. They are thus excluded in the data analysis. See Table 1 for the average DM share among the four main copyright categories. By far the largest number of observations is available for the category 'not allowed', and the average DM share for this category is lower than for all other categories. The category 'allowed' only contains six observations, so that it is hardly suited for a statistical analysis. The average DM share for this category is relatively low. These observations come from very recent changes, however. Chances are that the full effect of changing to 'allowed' transpire over a longer period than covered by our data. 
Other Control Variables
Besides the total research output of countries, we use several control variables: (1) GDP per capita as reported by the World Bank World Development Indicators [11] , with complete data for the 1992-2013 period; (2) country population size, also from official World Bank data [11] , also complete from 1992 until 2013; (3) and the level rule of law as reported by the Worldwide Governance Indicators Project [12] . The level of rule of law is captured by one of the six dimensions of governance of the WGI indicators, and is defined as "the extent to which agents have confidence in and abide by the rules of society" [12] , including the quality of contract enforcement and property rights. We use it as a proxy to measure the level of enforcement of property rights. Data availability for this indicator begins in 1996 and last estimates are from 2013.
Main Empirical Results
5.
Due to the panel structure of our data and the low temporal variation of copyright legal arrangements within countries, we fit a multilevel linear regression model with varying intercepts by group (i.e. country), also known as a random effects model. The dependent variable is the share of articles on DM in the total number of articles published (DM share) per country and year. The main predictor is each country's copyright category, with 'not allowed' as the reference category. Table 2 presents the results of four different specifications of the model. Model 1 only contains the main predictor. As expected, the 'allowed' category does not yield significant coefficients: it contains only six observations and we only report it for completeness. 8 There is a significant positive coefficient for the category 'probably allowed', which suggests that a more permissive copyright framework is associated with more DM research. The specification in Model 2 tests the effect of copyright categories controlling for GDP per capita, population size, and the rule of law. In Model 3 we also control for the total number of research articles published to test whether changes in DM share are confounded by changes in total research output. (We discuss Model 4 with interaction terms separately below.) The number of observations is reduced in models with control variables, since no data are available on the 'rule of law' before 1996. The control variables improve model fit considerably compared to Model 1. In all specifications, we find significant positive coefficients for the category 'probably allowed' (p<.01). For the category 'probably not allowed', results are less stable. Coefficients for the category 'allowed' are generally positive but not significant with a very low number of observations. The coefficient for 'probably allowed' is consistently larger than for 'probably not allowed' in all specifications. This is in line with our ordinal categorization: there is a stronger and more reliably significant coefficient for the category that differs more from the reference category 'not allowed'. Overall, there is extensive evidence that DM share is greater in countries with more permissive DM-related copyright than in the 'not allowed' category of countries. In Models 3 and 4, 'total research output' has a positive and significant coefficient. Countries with a high share of data mining articles in total research output also tend to have larger total research output. There is thus no indication that DM would reduce incentives for other types of research within the same country. With the control for total research output in Model 3, the coefficient for 'probably allowed' changes little compared to Model 2.
For the entire panel, the rule of law consistently has a significant, negative coefficient. The rule of law should make the enforcement of copyright law more effective, and thus have a stronger negative effect on DM share in countries with stronger copyright. To test for this, Model 4 includes a multiplicative interaction between copyright categories and the rule of law indicator. In this model, the coefficients of the variables that constitute the interaction (the categories of copyright regulation and rule of law in Model 4) are no longer to be interpreted as unconditional marginal effects. For instance, the coefficient of the 'probably allowed' constitutive term (1.419) represents the effect of this type of copyright regulation only when the rule of law is zero. 9 The coefficients for the multiplicative interaction terms (copyright*rule of law) are not significant, suggesting that for less restrictive countries, different levels of rule of law do not affect DM share. However, the coefficient for the constitutive term of the rule of law -that represents the effect of the rule of law for countries in the category 'not allowed' -is negative and significant. This suggests that in particular the combination of strong copyright law and strong enforcement (and/or a cultural propensity to adhere to legal norms) reduces academic researchers' data mining performance.
Conclusions
6.
In most EU/EEA member states, DM-related copyright protection is comparatively strong. Our results suggest that the net effect is a weaker performance of domestic academic researchers in this increasingly important type of research. To our knowledge, this is the first time that an empirical study identified a significant negative association between copyright protection and the supply of new copyright works of any type. The academic culture and incentive scheme (based on public subsidies and the ideal of producing public goods) sits uncomfortably with academic publishing, which is operated by for-profit firms. One of the battle lines regarding DM is between for-profit academic publishers and representatives of some academics, universities and libraries. At least in Europe, publishers tend to favour restrictions on DM so that there is greater potential to sell rights to DM, whereas many representatives of the "academic community" favour a situation in which academic researchers, who have lawful access to input works, are generally allowed to conduct DM on these works. Our results suggest that in the case of academic research and DM, the adverse consequences of copyright protection on the creation of new information goods are greater than the benefits. As a rule, DM research draws heavily on input works to which others may hold copyrights. Copyright exemptions or limitations could promote this type of research, at least to enable DM of input works that have been publicly financed.
